ABSTRACT-We tried to determine a 1-adrenoceptor subtypes involved in nor adrenaline-induced contractions of rat thoracic aorta and dog carotid artery. Prazosin competitively antagonized the contractions induced by noradrenaline in both the arter ies with a high pKB value (approximately 9.7). WB4101, benoxathian, phentolamine, HV723 and 5-methylurapidil also competitively antagonized the responses to noradrena line in both the arteries: however, the affinities for the antagonists were significantly higher in the rat thoracic aorta than in the dog carotid artery. The affinities for the competitive antagonists were not changed by treatment with nifedipine. In the rat thoracic aorta, chlorethylclonidine (CEC) elicited either a persistent contraction with rhythmic activities before treatment with nifedipine or partial inactivation of a 1-adre noceptors in the presence of nifedipine. On the other hand, CEC produced only in activation of a 1-adrenoceptors in the dog carotid artery. These results suggest that noradrenaline-induced contractions of the rat thoracic aorta and dog carotid artery are respectively mediated through distinct a 1-adrenoceptor subtypes. According to the a 1A, a113 subclassification, the a 1-adrenoceptor of dog carotid artery is like the a113 subtype, while that of rat thoracic aorta is atypical. Both subtypes are also identified as a high affinity site for prazosin (a 1H subtype) in the a 1H, a 1L and a 1N subclassifica tion.
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Contractile responses to noradrenaline in various blood vessels are antagonized by pra zosin or other a-adrenoceptor antagonists with different affinities (1) (2) (3) (4) . Recent functional studies have revealed that the various affinities for a given a-adrenoceptor antagonist among blood vessels reflect the presence of distinct a 1-adrenoceptor subtypes involved in the noradrenaline-induced contractions (4) (5) (6) (7) (8) . At present, two different a 1-adrenoceptor sub classifications have been proposed. The a 1A and a113 subclassification was developed from binding studies, where WB4101, benoxathian, phentolamine and 5-methylurapidil show high er affinity for the a 1A subtype than the a113 subtype and CEC selectively inactivates the a113 subtype (9) (10) (11) (12) . However, prazosin can not discriminate between a 1A and a113 sub types. On the other hand, the a 1H, a 1L and a IN subclassification was originally derived from functional studies, in which prazosin and HV723 are pharmacological probes to distin guish the three subtypes (4, 13) . The a 1H sub type has high affinity for prazosin, while the a IL and a IN subtypes have lower affinity for prazosin. HV723 is a highly selective antago nist for the a , N subtype as compared with a and a IN. The a , H subtype is also relatively sensitive to CEC in this subclassification. Although there was no evidence on the cor relation between both subclassifications, we have recently suggested that a l A and a113 sub types may be identified as a single site (a , f, subtype) with high affinity for prazosin (14) . The purpose of the present study was to clar ify whether the a,-adrenoceptors identified as a 1H subtype satisfy pharmacological features of a , A, a 113 or both subtypes. Rat thoracic aorta and dog carotid artery were used in this study because the contractile responses to noradrenaline have been reported to be caused through the a,H subtype (4).
MATERIALS AND METHODS
Male Wistar rats (250-350g) and mongrel dogs of either sex (7 -15 kg) were used in the present experiments. Rat thoracic aorta and dog carotid arteries were isolated and helically cut under a dissecting microscope. To avoid any possible involvement of endothelium derived relaxing factor in the mechanical response (15) , the endothelial cells were re moved by rubbing them with filter paper (4). The strip was mounted vertically in an organ bath containing 20 ml Krebs-Henseleit solution of the following composition: 112 mM NaCI, 5.9 mM KCI, 1.2 mM MgCl2, 2 mM CaC12, 25 mM NaHCO3, 1.2 mM NaH2PO4 and 11.5 mM glucose. Desmethylimipramine (0.1 uM), deoxycorticosterone (5 uM) and propranolol (3 uM) were added to the bathing solution to block neuronal and extraneuronal uptake of noradrenaline and to block ,8-adrenoceptors, respectively. The bath medium was main tained at 37°C, pH 7.4, and was equilibrated with a gas mixture consisting of 95% 02 and 5% CO2. A resting tension of 0.5 g for rat thoracic aorta or 1.0g for dog carotid artery was applied, and the responses were recorded isometrically through force-displacement trans ducers. All preparations were equilibrated for 90 min before the experiments were begun.
Noradrenaline was cumulatively added to the bathing media. The concentration-re sponse curves were obtained 5 times in the same strip at 90-min intervals, and the third concentration-response curve was used as the control. Reproducibility of the concentration response curves obtained by the third to fifth trials in the absence of antagonist was con firmed in preliminary or paired vehicle experi ments. a-Adrenoceptor antagonists were treated for 30 min before and during the concentration-response curves were obtained. With chlorethylclonidine (CEC) treatment, the preparations were once treated for 20 min with various concentrations of CEC after re cording the third concentration-response curve for noradrenaline and then washed repeatedly with CEC-free solution for 30 min. Nifedipine (1 uM) was treated for 15 min before and dur ing the construction of the concentration-re sponse curves for noradrenaline. The experi ments with nifedipine were carried out in a dark room.
The pKB values for a -adrenoceptor antago nists were estimated according to the Schild method (16) . Briefly, the concentration of noradrenaline necessary to give a half-maximal contraction in the presence of a-adrenoceptor antagonist was divided by the concentration giving a half-maximal response in the control to determine the agonist concentration-ratio (CR). Data were plotted as the -log antago nist concentration (M) vs. the log (CR-1), and pA2 values were calculated from Schild plots along the mean slope and 95% confidence limits (95% CL), and straight lines were drawn by least square linear regression. When the straight line yielded a slope of unity, the pA2 value estimated was represented as the pKB (16) .
Experimental values are given as a mean ± S.E.M. or means with 95% confidence limits. Results were analyzed by Student's t-test (un paired or paired comparison), and a probabil ity of less than 0.05 was considered significant. Drugs used were: (-)-noradrenaline bitar trate, desmethylimipramine hydrochloride (Sig ma, St. Louis, U.S.A.), deoxycorticosterone acetate, (± )-propranolol hydrochloride, yohim bine hydrochloride (Nacalai, Kyoto, Japan), prazosin (Taito-Pfizer, Tokyo, Japan), chlor ethylclonidine dihydrochloride (CEC), WB 4101 (2-(2,6-dimethoxy-phenoxyethyl)-amino methyl-l,4-benzodioxane), benoxathian hydro chloride, 5-methylurapidil (Funakoshi, Tokyo, Japan), phentolamine mesylate (Ciba, Basel, Switzerland), HV723 (a-ethyl-3,4,5-trimeth oxy-a -(3-((2-(2-methoxyphenoxy)ethyl)-amino) propyl) benzeneacetonitrile fumarate, Hoku riku Seiyaku, Katsuyama, Fukui, Japan) (17). 
RESULTS

Effects of a -adrenoceptor antagonists
Noradrenaline produced concentration-de pendent contractions in the rat thoracic aorta and dog carotid artery (Fig. 1) . The effective concentrations of noradrenaline were signifi cantly lower in the thoracic aorta than in the carotid artery, with estimated pD2 values of 8.52 ± 0.10 and 6.74 ± 0.11, respectively (mean ± S.E.M. of 9 and 6 experiments). In the rat thoracic aorta, rhythmic activities su perposed on the contractions to low concen trations of noradrenaline (3-10 nM) (Fig. 1,  upper) . These contractile responses of both arteries to noradrenaline were attenuated by prazosin, HV723, WB4101, benoxathian, phentolamine or 5-methylurapidil, resulting in a rightward displacement of the concentration response curves. The slopes of the Schild plots for all antagonists were not significantly differ ent from unity, indicating that the antagonists competitively inhibited the contractile re sponse to noradrenaline in both the tissues (Fig. 2, Tables 1 and 2 ). The pKB values for prazosin were highest among the antagonists tested, and there was no significant difference in the pKB values for prazosin between rat thoracic aorta and dog carotid artery. On the other hand, the pKB values for the other an tagonists, especially WB4101 and benoxathian, were significantly higher in the rat thoracic aorta than in the dog carotid artery (P < 0.05 for each antagonist).
Effects of nifedipine
In the presence of 1 aM nifedipine, nor adrenaline produced concentration-dependent contractions in the rat thoracic aorta and the dog carotid artery (Fig. 1) . However, the con tractile amplitude was reduced in comparison with the amplitude in the absence of nifedi pine, resulting in a rightward and downward displacement of the concentration-response (Fig. 3) . The pD2 values for noradrena line in the presence of nifedipine were 7.67 ± 0.07 (n = 9) and 6.40 ± 0.17 (n = 6) in the rat thoracic aorta and the dog carotid artery, respectively. Rhythmic contractions, which had been observed in the rat thoracic aorta without nifedipine, were not produced in the presence of nifedipine (Fig. 1, upper) . The concentration-response curves for nor adrenaline in the presence of nifedipine were also competitively inhibited by prazosin, HV723, WB4101, benoxathian and phentola mine; and their pKB values were not signifi cantly different from the values obtained in the absence of nifedipine (Tables 1 and 2 ). 
Effects of chlorethylclonidine (CEC)
In the rat thoracic aorta, CEC at concentra tions in excess of 5 uM produced a sustained contraction, which was frequently superposed by rhythmic activities (Fig. 4A) . These re sponses to CEC were irreversible; therefore, either removal of CEC from the bath medium or post-treatment with prazosin (10-100 nM) did not abolish the responses developed by CEC (Fig. 4C) . However, post-treatment with nifedipine (1 ,uM) inhibited the contractile re sponses to CEC (Fig. 4A) . CEC failed to evoke a contraction in the preparations that had been treated with prazosin (10 nM, Fig.  4B) or nifedipine (1 ,uM) beforehand. In con trast to the rat thoracic aorta, CEC (1 100 ,uM) did not evoke any contractile response in the dog carotid artery. Figure 5 shows the concentration-response curves for noradrenaline in the rat thoracic aorta and dog carotid arteries, where both preparations had been pretreated with various concentrations of CEC for 20 min and then re peatedly washed with CEC-free solution. Nife dipine (1 ,aM) was also present throughout the experiments with the rat thoracic aorta in order to eliminate the contractile response to CEC itself. In the thoracic aorta, CEC at con centrations of I and 5 ,u M attenuated the con tractile responses to noradrenaline concen tration-dependently. At higher concentrations, however, CEC did not cause further inhibition (Fig. 5, left) . In contrast, the contractile re sponse to noradrenaline of dog carotid artery was inhibited by pretreatment with CEC at higher concentrations than 5 uM, and the in hibition was dependent on the concentrations of CEC (Fig. 5, right) . As shown previously (4), prazosin at low concentrations competitively antagonized the contractile responses to noradrenaline of the rat thoracic aorta and dog carotid artery, and the pKB values (9.66 and 9.73) were not signi ficantly different between both the arteries. These results suggest that the contractile re sponses to noradrenaline are mediated through a 1-adrenoceptors which can be identi fied as a single affinity site for prazosin. According to the a 1H, a 1L, a IN subclassifica tion proposed recently (4, 13), the high affin ity for prazosin indicates that the a 1 adre noceptors of both arteries correspond to the a 1H subtype.
WB4101, benoxathian, phentolamine, HV 723 and 5-methylurapidil also antagonized the contractile responses to noradrenaline with slopes close to unity in the Schild plots. Their affinities obtained in the present study are the same as those reported previously (rat thoracic aorta, refs. 18-21; dog carotid artery, refs. 4, 22) . However, in contrast to the case of prazo sin, the affinities were different between both arteries. Especially, WB4101 and benoxathian showed approximately 10 times higher affin ities in the rat thoracic aorta than in the dog carotid artery. This evidence suggests that the a 1H subtype may not be homogeneous and that the a 1H subtype may be subclassified on the basis of different affinities for WB4101 and benoxathian.
Morrow and Creese (9) subdivided 3H-pra zosin binding sites with a high affinity into two subclasses, designated as a 1A and a 1B. In that study and following ones, it has been revealed that the a 1A subtype has higher affinities for WB4101, benoxathian, phentolamine and 5 methylurapidil than the a 1B subtype, whereas prazosin and BE2254 can not discriminate be tween both subtypes (10 12, 23) . Such antagonist-selectivity is somewhat consistent with the variation of antagonist affinities obtained in the present study, suggesting that a 1-adrenoceptor subtypes of the rat thoracic aorta and dog carotid artery are like a 1A and a 1B subtypes, respectively.
In contrast to antagonist selectivities, the re sults obtained with nifedipine and CEC are controversial. Han et al. (10) have proposed that the a 1A subtype selectively controls the influx of extracellular Cat+, whereas the a 113 subtype controls the release of stored in tracellular Ca t+ by an inositol phosphate mechanism. If the a 1A subtype exclusively coupled to Ca influx, the contractile response to noradrenaline of the rat thoracic aorta, but not dog carotid artery, would be selectively and completely inhibited by Ca antagonists. However, nifedipine produced a partial inhibi tion in both the arteries. Similar results with nifedipine or other Ca antagonists have been reported by many workers (4, (24) (25) (26) , sug gesting that the contractions of blood vessels consist of extracellular Ca t+ dependent and independent components.
Nifedipine-resistant contractions of rat tho racic aorta and dog carotid artery were com petitively antagonized by the a -adrenoceptor antagonists with affinities similar to those esti mated in the absence of nifedipine. Mir and Fozard (21) have also demonstrated that the potencies of various antagonists are not affected by treatment with nifedipine in the rat thoracic aorta. These results suggest that both nifedipine-sensitive and -resistant con tractions induced by noradrenaline are caused through the same subtype of a 1-adreno ceptors.
The a1B subtype has been proposed to be selectively inactivated by CEC (11, 27) . Such an inactivation was indeed produced in the dog carotid artery, resulting in a con centration-dependent attenuation of the con tractile response to noradrenaline. However, in the rat thoracic aorta the effects of CEC are complex. At first, CEC itself elicited an irreversible contraction with a rhythmic activ ity (4, 28, present study) . Since the contractile responses were not observed in the prepara tions pretreated with low concentrations of prazosin, the contraction seems to be due to a persistent activation of a 1-adrenoceptors. A complete inhibition of the contractile response to CEC by nifedipine further indicates that the contraction couples to the influx of extracel lular Cat+. In this context, it is interesting to note that, like CEC, noradrenaline also elicited a nifedipine-sensitive contraction with rhythmic activities in the rat thoracic aorta.
In addition to the persistent activation, CEC also produced an inactivation of the a 1-adre noceptor of rat thoracic aorta: this was clearly seen when the contractile response to CEC it self was inhibited by nifedipine. However, in contrast to the case of dog carotid artery, the inactivation in the rat thoracic aorta was in complete even though high concentrations of CEC were applied. These results indicate that CEC may act on the a 1-adrenoceptors of rat thoracic aorta, resulting in both persistent activation and partial inactivation.
Previously, we demonstrated that the a 1 adrenoceptors of blood vessels can not clearly be subdivided by nifedipine and CEC (4). McGrath and Wilson (29) have revealed a dis crepancy in the rat vas deferens that although the contractile response to exogenous noradre naline has been postulated to be caused through the a 1A subtype in a nifedipine-sensi tive manner (10, 23) , the contraction to a sin gle adrenergic stimulus is resistant to nifedi pine. Han et al. found that in rat renal cells, the a 1A subtype activates the formation of inositol phosphates (30) . More recently, CEC has been demonstrated to produce a partial in hibition of 3H-prazosin binding to the a 1A subtype of rat cerebral cortex (12, 14) and rat vas deferens (T. Ohmura and I. Muramatsu, in preparation). From these results and the present data, it seems that the a 1A, a 1B sub classification with nifedipine and CEC, but not with competitive antagonists, may not apply in all cases (10) . Functional differentiation may not coincide with receptor subclassification, and great care must be taken when CEC is used for a 1-adrenoceptor subclassification.
Recently, the presence of at least three dis tinct a 1-adrenoceptor subtypes (a 1A, a 1B and a 1c) has been demonstrated by a molecular biological approach (Trends in Pharmacologic al Sciences, Supp., 1991). Among their sub types, the bovine a 1c subtype is sensitive to CEC albeit its high affinities for prazosin and WB4101. This evidence suggests that the phar macological features of the a 1-adrenoceptors of rat thoracic aorta are similar to those of the bovine a 1c subtype. However, the expression of this subtype has not been detected in the rat aorta (31) .
In conclusion, the present results suggest that noradrenaline-induced contractions of rat thoracic aorta and dog carotid artery are re spectively mediated through a single but dis tinct a 1-adrenoceptor subtype. According to the a 1A, a 1B, a 1c subclassification, the phar macological features of a 1-adrenoceptor in dog carotid artery are similar to those of the a 1 B subtype, while that of rat thoracic aorta is the a 1c or atypical a 1A subtype. Since both subtypes are also identified as a single and high affinity site for prazosin (the a 1H subtype in the a 1H, a 1L, a IN subclassification), the present functional results coupled with recent binding results (14) strongly suggest a way to reconcile the different a 1-adrenoceptor sub classifications proposed so far, as shown be low.
